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summary 

We have reexamined Ge-doped CH and have found that the material is more 
reactive to air than previously understood. The Ge-doped material as formed shows by 
IR the presence of a Ge-H linkage that oxidizes rapidly, giving rise to a significant OH 
absorption. This broad peak impacts IR layering wavelengths of interest. 

Introduction. 

In a previous memo' we provided our first look at the IR spectrum of Ge-doped 
CH. The primary question addressed was whether the Ge-doping interfered with the 
IR transmission at wavelengths of interest for IR enhanced DT layer formation. By 
comparing with undoped CH we identified Ge related peaks in the 18 pm thick 0.6 
atom % doped sample, and came to the tentative conclusion that Ge doping did not 
modify the IR transmission in regions that we were interested in. We did note, 
however, that there was a little more absorption in the OH region (3700 to 3200 cm-1) 
which impacted somewhat our estimate of the extinction coefficient in the 
neighborhood of 3.16 pm. Our opinion was that this was due perhaps to the use of a 
different coater. We promised to explore it further. We have, and the results are quite 
surprising (and discouraging)! The search for the ideal ablator has gotten more 
complicated. 

Samples and measurements. 

Four -20 pm thick coatings were made on salt disks, at 0.0.0.5, 1.0 and 2.0 atom 
% Ge. These are nominal levels based on experience with dopant gas flow rates, XRF 
analysis of the actual levels has not yet taken place. Table I gives the sample names 
used in this memo and the actual thicknesses. 

Table I. Sample information 
-1 eID at om % Ge thickness 

GeOO 0.0 17.9 pm 
Ge05 0.5 20.5 pm 
Gel0 1 .o 20.8 pm 
Ge20 2.0 23.3 um 

' Bob Cook, Abbas Nikroo, Mitch Anthamatten, Steve Letts, 1) IR spectrum of Ge-doped CH 
(-CH1.3GeJ and 2) New evaluation of E(A) for CH," February 28, 2003. copy available from Ebb Cook. 



The IR spectrum was taken a few minutes after each sample was removed from 
the coater. The samples were then left exposed to ambient conditions and the spectra 
retaken at various time intervals. For each sample, data for the sequential time 
measurements are indicated by appending tl,  t2, t3,. . . to the sample name. The values 
of the elapsed time for each measurement for each sample are shown in Table 11, where 
time is measured from the time the samples are first exposed to atmosphere. 

Table 11. Measurement time information, times in minutes. 
time 
index GeOO Ge05 Gel0 Ge20 

t l  2 10 7 1 
t2 16 1428 17 10 
t3 55 7061 25 22 
t4 93 21594 40 35 
t5 162 72 80 
t6 187 135 150 
t7 5633 417 193 
t8 9939 65 1 267 
t9 1430 390 

t10 6354 408 
; 20184 3274 

Assignment of peaks. 

Shown in Figure 1 are the initial (at time tl) baseline corrected absorbance (prefm 
“ca”) spectra’ for the four samples. In Figure la we see that the most dominant Ge 
concentration dependent feature occurs between 1000 and 500 cm-1, and is likely some 
sort of C-Ge stretch. As reported in our previous memo, the pure tetramethylgermane 
dopant has a strong absorption at about 800 cm-1. Though interesting, the assignment 
of these and other related peaks are not our focus. Moving to the bottom (Figure lb) 
expanded set of spectra there are two important features to note. First the 
concentration dependent peak just above 2000 cm-1 is the Ge-H stretch as we suggested 
in our February 28,2003 memo. This assignment was made because a) silane (SiH4) also 
shows a sharp peak here and b) tetramethylgermane, Ge(CHd4, our dopant source, 
which has no Ge-H bonds, shows no peak here. Since releasing that memo we have 
learned3 that GeH4 has vibrational modes at 2106 and 21 14 cm-1 and as noted above 
there is concentration dependence. As we will show shortly, this peak is not just a 
curiosity, but rather has some important time dependence. Last, note the spectra 
between 3600 and 3200 cm-1 where the OH stretch is manifest. We saw this slight 
enhanced absorbance in the previously reported work, but felt it was probably due to a 
coater variation, in part because it did not seem reasonable that Ge doping could affect 
the OH stretch region. However the current results lead us to rethink this. Before we 
proceed note that the magnitude of the OH absorbance shown in Figure lb  is inversely 
proportional to the Ge doping level, a curious result if in fact the enhanced absorption 
relative the undoped sample is related to the Ge-doping. As described below in some 

Baseline correction was the average value of the uncorrected absorbance between 5500 and 4600 cm-l. 
Information supplied by Barry McQuillan, General Atomics. 
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F&m 1. Baseline cofiecfed absorbance spectra of the initial (earliest 
time) filesgurement on 88ch sample. The bottom plot (b) is an expansion 
ofthe fctfl spectra at the top (a). 

Ti-- 
In Figure 2 we show the IR time dependence of the undo@ and 1.0 atom % Ge 

doped samples over the range from 4MM to 800 cm-1. Although ths timiq is cllffbrent 
for the two samples it iscteat that the Ge-doysed sample abmrbmx is much 

H 

the abawptfve 
ky@qij. In F @ m  3 I have f e  on the 0-H and the Ge-H stretch. In thecase of the 
Ge-H .beorptian I have reevaluated the baseline in the region of the peak so that the 

more Iapmythanthetof theundopedsampfe. our primary interest 
stretch c e d  btw- 3400 and 3200 cm-1 because its low Er%quency shoulder Sffects 

of the gample at wavelengths of interest for IR mharxmd 
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FigUte 2. Time evolution data. a) Top is undoped, b) bottom is 1.0 atom % Ge. 
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Huwever a plot of ln[&e-H(f)] vs. tis distinctly non-linear regardless of time d e  as 
shown in Figure 4. Clearly from Figure 3 about 4096 of the Ge-H moiety is stable over 
a 2 week period, yet =%of it is lost in the first 10 hours, and perhaps 1096 in the first 
hour. Clearly there must be a var&~ty of Ge-H type linkages and environments, each 
with its own axidstian kimtics. Some m y  in fact be quite stable as the long time data 
Suggests. 
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polRIilG 4. The time c l e w  of the Ge-H absorption. 

' F. A. Cotcon and C.Witkh#M, Achnad hmqpnjc C-, 3ni d, Intersdence (New York) 1972, 
p. 311 
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If the OH abgorptton were narrow we would not have a problem since 3400 cm-1 
is some distMice from the mgkm oftnaerest for IRlaprhg. Howrrverthe absorption is 
verybrwkdandchrly the extin&m cmfRdmb in the 3.16 )un (about 3160 
cm-1, se!e Figure 1). In 6 we plot the estimated4 e x t h c t h  cxdkkmt at 3.161 pm 
as afunction ofttsne BesedonahecurrentcWa. It Is interesting that at least at shoat 
times the adindon codkknt is ldqimbtof the doping level (fordaped samples). 
This is a d t  of the similar d y  time &rowth rates ofthe OH absorption for doped 
samples r q p r d k s  of level as m a  earlier. However what is most important is 
that thh dupnnt effect on the OH absoFption trskes a mwgiral abdatar (udoped CH) for 
IR lay- and makes it mfusLedly worse. I would certainly expect the sort of 
enhancad cuddaitfon for CD, though ifthe product is OD (rather than OH) the effd of 
the wayelcHtgths of interest may be much less. 

As noted above we need to look at this effect for deuterated plasma polymer. In 
gensral the oxidation ofdeuhraW mterial is of interPrst since onti! would expect to get 
0-D stretch abeorption at perhaps 24W-2500 cm-1, but some data has suggested that 
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Figme 6. Estimated extinction coeklcient as a h c t i o n  of air exposure time. 

' "here is some preliminary data that shows that pyrolyzed 0.5 atom % ct.dopbd CH h l l s  pick up 
oxygscr more slowly than unpplyaed and undo@ CH shells. The effect of pyrolyrds on oxygen uptake 

-Qfa-F-te -8QwshWjy. 
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